As we showed in previous work, the dynamics and gravitational emission of binary neutron star systems in scalar-tensor theories can differ significantly from that expected from General Relativity in the coalescing stage. In this work we examine whether the characteristics of the electromagnetic counterparts to these binaries -driven by magnetosphere interactions prior to the merger eventcan provide an independent way to test gravity in the most strongly dynamical stages of binary mergers. We find that the electromagnetic flux emitted by binaries in scalar-tensor theories can show deviations from the GR prediction in particular cases. These differences are quite subtle, thus requiring delicate measurements to differentiate between GR and the type of scalar-tensor theories considered in this work using electromagnetic observations alone. However, if coupled with a gravitational-wave detection, electromagnetic measurements might provide a way to increase the confidence with which GR will be confirmed (or ruled out) by gravitational observations.
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I. INTRODUCTION
General Relativity (GR) has been very successful at describing gravity in a vast range of scales, from submillimeter ones [1] , to those of the Earth, Solar system [2] and binary pulsars [3] [4] [5] [6] [7] . This beautiful theory, however, is known to be incomplete in the ultra-violet regime where it must be replaced by a quantum theory of gravity. Furthermore, at the infra-red cosmological scales, it needs to be supplemented with Dark Matter and an unnaturally valued cosmological constant to explain observations, which can also be interpreted as a sign of failure. These reasons have spurred intense, and ongoing, efforts exploring how to describe gravity at both classical and quantum levels, the latter being one of the most challenging enterprises of modern physics.
Restricting to the classical regime -where both laboratory experiments and astrophysical observations can help constrain possible alternatives-a large number of putative theories have already been significantly constrained or ruled out altogether (see e.g. Refs. [8, 9] ). In the particular case of astrophysical observations, binaries involving pulsars have proved especially well suited for these studies [3] [4] [5] [6] [7] . Indeed, exquisite electromagnetic observations of the pulsar signal allow following the binary's orbital dynamics and comparing it with predictions from GR and other theories. To date this task has necessarily involved binaries at relatively large separations and, correspondingly, low orbital velocities (v/c 1). Binaries in such configurations, as a consequence, do not fully explore possible discrepancies that might arise at relativistic velocities v/c 1. Such discrepancies include dipolar emission of non-tensorial gravitational waves [10] [11] [12] [13] [14] , as well as dynamical violations of the (strong) equivalence principle and enhancement of the strength of the gravitational attraction in the last, highly relativistic stages of the binary inspiral and plunge [15] [16] [17] .
Such status of affairs will soon be radically changed thanks to a network of gravitational wave detectors that will allow analyzing compact binaries in highly relativistic velocity regimes. The detection of gravitational waves from these systems will not only allow testing GR, but will additionally provide important clues about the physical nature of these binaries, as well as identify the source's location. This knowledge may help -both directly and indirectly -identify electromagnetic counterparts (e.g. Refs. [18] [19] [20] [21] ) to these systems. The synergy of gravitational and electromagnetic observations will permit indepth "multi-messenger" investigation of the behavior of gravity in such highly relativistic binaries. For this analysis to be possible, on the gravitational-wave side it is important that possible deviations from the predictions of GR are either understood, or suitably parameterized 1 , so as to guide the detection and analysis of possible signals. Activities in both these fronts have recently been gaining significant momentum: In the "parameterized" approach particular formalisms have been presented, motivated by specific theories and phenomenological con-siderations. Such formalisms have been applied to derive bounds on the relevant parameters describing deviations from GR [23] [24] [25] . In the "direct" approach, deviations from the gravitational waves predicted by GR are computed in specific bona-fide gravity theories (i.e. ones with a well-defined initial value problem) [15] [16] [17] [26] [27] [28] , and the prospects for detecting these deviations are analyzed [22, 29] . Among these theories, scalar-tensor (ST) theories [30] [31] [32] [33] [34] [35] -where gravity is mediated not only by a metric tensor but also by a scalar field -have received the most attention, because the presence of a scalar field in nature is motivated by e.g., the low-energy limit of string theories, the observation of the Higgs boson, and cosmological phenomenology (i.e. inflation and Dark Energy).
Among the most likely sources of gravitational waves for Earth-based detectors is the coalescence of binary neutron stars. The study of such systems in ST theories has been traditionally undertaken via suitable perturbation expansions [11, 12, 14, 27] , and more recently via numerical simulations [15, 16] or a hybrid approach [17] . These works have not only provided definitive predictions for the expected signals but also helped illustrate that strong deviations from GR could arise due to dynamically-induced effects as the orbit tightens [15] . A first analysis indicating how such differences could be detected in the near future (by the upcoming second generation of gravitational wave interferometers) has been presented in Ref. [29] . As mentioned, among the possible physical parameters that can be obtained via gravitational wave observations are the time (and frequency) of the merger as well as the sky location, both of which would aid follow-up efforts to capture counterparts in a wide range of electromagnetic bands. Within GR, much effort has been going into identifying promising nearcoalescence scenarios able to yield detectable signals in the electromagnetic spectrum, and a number of mechanisms have been proposed and explored in recent years (e.g. in Refs. [19, [36] [37] [38] [39] [40] [41] ). It is therefore interesting to consider whether electromagnetic signals (either on their own, or in combination with gravitational wave observations) can provide additional clues as to whether gravity behaves as predicted by GR. This is especially important as facilities for gravitational wave observations will be for years much more restricted in the frequency window they can access in comparison to the large spectra provided by diverse electromagnetic observatories. To this goal, we consider here whether electromagnetic counterparts triggered during the coalescence stage of neutron-star binaries can provide such testing opportunities. In particular we here study the electromagnetic energy flux produced as a result of magnetosphere interactions in ST and GR theories. We take advantage of the hybrid approach presented in Ref. [17] together with an enhanced unipolar model to describe the electromagnetic induced luminosity studied in Refs. [36, 37, 42] (and related to previous works [43] [44] [45] ). This paper is organized as follows: in section II we review the ST theories considered, and we describe the procedure that we use to obtain the dynamics and estimate the electromagnetic luminosities; in section III we present the cases considered and the results obtained; and finally in section IV we discuss the implications of our work.
II. METHODS
In this work we are primarily concerned with estimating possible electromagnetic signals from the coalescence of magnetized binary neutron stars in GR and ST theories. We obtain the binary's dynamics by solving the 2.5 PN equations of motion for ST theories as described in Ref. [27] (enhanced with the formalism proposed and validated in Ref. [17] to account for the scalarization effects allowed by the theories). The electromagnetic radiation induced by magnetospheric interactions of the magnetized neutron stars is estimated using a phenomenological model based on an extension of the unipolar inductor. Such model captures magnetospheric effects by considering the electromotive force (emf) that is induced as an otherwise non-magnetized conductor moves through a magnetic field [44, 45] . We have augmented this model recently in Ref. [36, 42] to account for an additional "shielding effect" that arises when both stars are magnetized, and which modifies the radius at which the emf induction takes place.
A. Scalar-tensor theories
Dynamics in ST theories and equations of motion
The action for a ST theory can be written in the Jordan frame as
where κ = 8πG, R, g and φ are respectively the Ricci scalar, the metric determinant and the scalar field, and the theory has no potential for the scalar field, but is characterized by an arbitrary function ω(φ) (and by the boundary conditions for the scalar field). Note also that in this action we have assumed that the matter degrees of freedom ψ couple minimally to the metric (and not to the scalar field) so as to enforce the weak equivalence principle (i.e. the universality of free fall for weakly gravitating bodies). The Jordan frame action can be recast in a more convenient form by a conformal transformation to the "Einstein frame", i.e. by defining a new metric g (5) for binary systems of compact objects (e.g. neutron stars or black holes) can be obtained numerically in the late stages of the inspiral and during the merger [15, 16, 46] , but in order to describe more widely separated systems such as observed binary pulsars, it is more convenient to expand the field equations in Post-Newtonian orders. In such a scheme, one approximates the two objects as point particles with masses m i and sensitivity parameters s i [10] (or equivalently scalar charges [12] 
1/2 , with ω 0 the value of the function ω(φ) far from the binary system). The sensitivities can be calculated from isolated solutions for the compact objects, and depend on the ST theory and on the object's compactness (e.g. s i ≈ 0 for white dwarfs and less compact stars, s i = 1/2 for black holes, while for neutron stars the sensitivity depends critically on the star's compactness and the ST theory under consideration). The binary's dynamics is then expanded in orders of v/c (v being the binary's relative velocity), and to 2.5 PN order the resulting equations take the schematic form [11, 12, 14, 27] 
where x = x 1 − x 2 is the binary separation, r = |x|, n = x/r, v = v 1 − v 2 is the relative velocity,ṙ = dr/dt, M = m 1 + m 2 is the total mass of the system, and η = (m 1 m 2 )/M 2 is the symmetric mass ratio. The "effective" gravitational constant G eff is related to the gravitational constant G N measured locally (e.g. by a Cavendish-type experiment) by G eff ≈ G N (1 + α 1 α 2 ). Explicit expressions for the functions {A I , B I } are given in Ref. [27] and also depend on the sensitivities/scalar charges of the binary components, e.g. the presence of dissipative 1.5PN terms (which are absent in GR) in Eq. (8) is due to the scalar charges, which source the emission of dipolar gravitational radiation with energy fluxĖ
2. Spontaneous, induced and dynamical scalarization
From the dependence of the PN equations on the sensitivities/scalar charges, which in turn depend on the nature and compactness of the binary's components, it is clear that the PN evolution of a compact-object binary depends on the nature of its components. Therefore, the strong equivalence principle, defined as the universality of free fall for strongly-gravitating objects, is violated in ST theories already in the PN inspiral. Recently, however, Ref. [15] highlighted the existence of other violations of the strong equivalence principle in the last stages of the inspiral of binary neutron stars and for a particular class of ST theories. More specifically, Ref. [15] considered theories with ω(φ) = −3/2 − κ/(4β log φ) (or equivalently φ = exp(−βϕ 2 )), which are known [12, 13] to give rise to the "spontaneous scalarization" of isolated neutron stars, i.e. allow for scalar charges α ∼ 0.1 − 1 for sufficiently compact neutron stars and for viable values of the theory's parametersβ = β/(4πG) −4.5 and ϕ 0 10 −2 (ϕ 0 being the scalar's value far from the system). Ref. [15] showed that at sufficiently small binary separations, a spontaneously scalarized star (thus bearing a significant scalar charge) can excite a scalar charge in the other star, even if that star had not spontaneously scalarized and thus did not have a scalar charge to start with. This "induced scalarization" was shown to be capable of triggering earlier binary plunges and mergers relative to GR, an effect potentially observable with advanced GW detectors [29] . Even more strikingly, Ref. [15] showed that significant scalar charges can be produced in the last inspiral stages of binary systems of unscalarized neutron stars, i.e. in binaries whose components have little or no scalar charges at large separations. This "dynamical scalarization" produces a sudden build-up of the scalar charges at small separations, quickly triggering a plunge/merger at frequencies within the reach of advanced GW detectors (c.f. Ref. [29] for the detectability of this effect with GW detectors).
Remarkably, these two strongly non-linear effects can be understood and reproduced in their main qualitative features by a minimal modification of the PN expansion scheme outline above. More precisely, Ref. [17] describes the evolution of a neutron-star binary system by the PN equations of motion (8), but introduces a new way of computing the sensitivities or scalar charges that appear in those equations. Instead of computing those parameters from isolated neutron-star solutions, as done in the "classic" PN scheme, Ref. [17] introduced a formalism that includes the interaction between the two stars in the calculation of the scalar charges, thus accounting for both induced and dynamical scalarization. In practice, this scheme starts from the standard calculation of the scalar charges for the binary components in isolation, and then uses that calculation to define a system of non-linear algebraic equations, which can be solved iteratively at each step of the PN orbital evolution to yield the charges of both stars including non-linear effects. This procedure was validated by comparing with the fully non-linear simulations of Ref. [15] .
Electromagnetic coupling in ST theories
One purpose of this paper is to extend the formalism of Ref. [17] to include the effect of an electromagnetic field. Let us consider a binary system of magnetized neutron stars surrounded by a plasma in ST theories. Solving the full non-linear problem in the Jordan frame would require solving the curved spacetime Maxwell equations
and including the stress-energy tensor of the electromagnetic field in the source of the Einstein equations. (Note that because of the weak equivalence principle, which is reflected in the structure of the matter action written in Eq. (1), the electromagnetic field only couples to the Jordan frame metric and to the plasma's electric charges, and not directly to the scalar field.) Introducing the Einstein-frame electromagnetic tensor F E µν = F µν and the plasma's current j µ E = j µ /φ 2 , the Einstein-frame Maxwell equations take the same form as in the Jordan frame, i.e.
and the Einstein-frame field equations (3)- (5) become
where 17) (which follows from the Maxwell equations), and the fact that the trace of T µν em,E is zero. Note also that Eq. (15) can be recast in the form
which shows that in the Einstein frame (as in the Jordan frame) there is no direct energy or momentum transfer from the scalar field to the electromagnetic field. Postponing the solution to the full non-linear problem to future work, let us note that for astrophysically realistic systems, the plasma and electromagnetic field in the magnetosphere are too small to significantly backreact on the metric and on the binary and scalar field evolution, i.e. to lowest order Eqs. (14)- (16) 
where we have used the fact that T pl E ≈ 0 for the plasma (because the particles of which it is made typically move at speeds close to the speed of light) and in any case d log φ/dϕ ≈ 0 outside the neutron stars (where the plasma moves) because ϕ is small there. Equation (19) regulates the motion of the plasma, while the electromagnetic field satisfies the Maxwell equations (12)- (13) . In both Eq. (19) and Eqs. (12)- (13), the metric is determined by the evolution of the binary and scalar field alone [i.e. by Eqs. (3)- (5)]. In practice, as can be seen from Eq. (7), the scalar field stress-energy vanishes at linear order in the field's perturbation over a constant background, and is thus negligible outside the neutron stars (although it is not always negligible inside the stars, where it can grow non-linear and give rise to scalar charges α ∼ 0.1 − 1 in scalarized systems). Therefore, it is natural to approximate the metric outside the neutron stars with the general-relativistic PN metric of two point particles (representing the neutron stars), whose trajectories are calculated (including the effect of the scalar charges) with the formalism of Ref. [17] . Therefore, because of Eqs. (12), (13) and (19) , the calculation of the electromagnetic fluxes can proceed as in GR, except for the modified binary trajectory. We will present a standard GR approximate strategy to calculate such fluxes (the "unipolar inductor" model) in the next section.
B. Magnetosphere and plasma treatment
As discussed in Ref. [47] , neutron stars are surrounded by a magnetosphere with a plasma density ρ pl − Ω · B/(2πc), where Ω represents the rotational frequency of the plasma, B is the magnetic field present in the region, and c is the speed of light. The interaction of a rotating magnetized star with its own magnetosphere is responsible for electromagnetic emissions in pulsars. The analysis of such interaction is a delicate subject, because the plasma dynamics may be intricate, and complex simulations are typically required to fully capture its behavior. Fortunately, a useful approximation can be adopted that captures important aspects of the system. This approximation relies on the observation that in the magnetosphere region the inertia of the plasma is negligible with respect to the electromagnetic energy density, i.e. T (10) and (11)).
2 These are known as the force-free conditions for the plasma [43, 48, 49] , and the resulting electrodynamics equations, while simpler to deal with as now one only needs to consider the behavior of electromagnetic fields constrained by the force-free condition, still represents a non-linear coupled system of partial differential equations. The electrodynamics equations are then augmented by those describing the dynamical behavior of the spacetime and the neutron-star matter, thus complex and time-consuming simulations are typically needed to study the system's evolution. Nevertheless, for the scenario of interest here -i.e. the late stages of a magnetized binary merger -and for the purpose of our work, we can make use of a hybrid approach, combining the formalism of Ref. [17] described above (whereby the neutron stars are treated as point-like objects satisfying ordinary differential equations of motion 2 One can also show directly that ∇ E µ T µ em,Eν = ∇µT µ em ν /φ 2 , using the conformal transformation between the Einstein and Jordan frames.
that incorporate the relevant gravitational and scalarization effects) together with a unipolar model to account for magnetospheric effects. Both these approaches are supported by simulations of the complete problem in the context of neutron star mergers (for ST theories and nonmagnetized systems [17] ) and binary neutron star and black hole-neutron star mergers in the context of magnetosphere interactions in GR [36, 37, 42, 50] . As argued in the previous section, a reliable model accounting for magnetosphere interactions within GR should be also applicable to the case of ST theories of gravity. In what follows, we therefore describe the main aspects of the unipolar model.
Magnetosphere interactions and luminosity
A useful model to estimate the electromagnetic energy radiated by a magnetized neutron star binary is based on the unipolar inductor [43, 44] . Such a model has recently been further analyzed in Ref. [45] and confronted with fully dynamical simulations including plasma effects, finding good agreement in the obtained luminosity [36, 37, 42] . Similar preliminary conclusions have been obtained in the model's application to black hole-neutron star binaries [50, 51] . We next describe briefly the main ingredients required by this model for our purposes.
We assume that both stars are magnetized and their magnetic fields are dipolar. Further, we assume that one star has a larger magnetization than its companion, and study the electromagnetic radiation due to the interaction of their magnetospheres. As the orbit tightens, as described in section II A, ST effects will cause deviations from the GR orbital behavior, which induce a stronger Poynting flux. It is important to stress here that for realistic magnetic fields strengths, electromagnetic effects do not backreact on the orbital evolution of the binary [52, 53] . Under such assumptions, one can estimate the luminosity of the binary [45] as:
erg/s (20) where v rel is the relative velocity of the binary, B * and R * are the magnetic field and radius of the primary star and a is the separation between the stars. Induction takes place on the secondary star at a radius R eff , which is equal to the star's radius R c when the secondary is unmagnetized. Otherwise, R eff is larger, as the secondary fields shields a region around it. We account for this effect by defining (see Refs. [36, 37, 54] ),
Naturally, this effect is relevant at large separations, while for separations a ≤ R c
the effective radius reduces to the star's radius R c . Within GR calculations of the quasi-adiabatic regime of binary neutron star systems (i.e. at large separations), estimates have been obtained from Eq. (20) by replacing v rel with its Keplerian expression and R eff = R c , giving rise to a dependence L a −7 (e.g. Refs. [44, 45] ). When the shielding effect given by Eq. (21) is considered, the luminosity follows a softer dependence L a −5 [36, 42] . However, in ST theories, deviations from Keplerian motion are possible, and we thus employ both Eqs. (20) and (21) in our calculations.
III. RESULTS
A. Quasi-circular case
We first study binary systems in quasi-circular (i.e. zero eccentricity) orbits and consider four different sets of masses. These configurations are chosen so that they undergo at least one of the key scalarization processes described in section II A, of course bearing in mind observational constraints for all the physical parameters adopted. More specifically, the configurations we consider are:
• case LE, with low-and equal-mass stars (M 1 = M 2 = 1.41M ), which undergo dynamical scalarization but do not produce dipolar radiation.
• case HE, with high-and equal-masses stars (M 1 = M 2 = 1.74M ), which undergo spontaneous scalarization forβ = −4.5 and dynamical scalarization forβ = −4.2, but do not produce dipolar radiation.
• case LU, with low-and unequal-mass stars (M 1 = 1.41M , M 2 = 1.64M ), which undergo dynamical as well as induced scalarization, and produce dipolar radiation.
• case HU, with high-and unequal-mass stars (M 1 = 1.52M , M 2 = 1.74M ), which undergo dynamical and induced scalarization (in the lower-mass star) and spontaneous scalarization (in the higher-mass star), and produce dipolar radiation.
Additionally, we consider different possible magnetizations of each star, and examine the characteristics of the resulting electromagnetic luminosity. To adopt realistic configurations, we recall that the standard formation channel of neutron-star binaries indicates that the most likely configurations involve a magnetically dominant (primary) star with a significantly less magnetized companion (secondary) [55] [56] [57] . To explore a range of possible options, we consider three ratios of the magnetizations between the stars, namely b ≡ B c /B * = (0.1, 0.01, 0.001). Also, for simplicity we assume that the stars' magnetic dipoles are aligned with the orbital angular momentum. Notice that this is not a restrictive assumption, as it yields reasonably good estimates for the expected power in more general configurations [42] . Finally, we restrict our analysis to the ST theories that yield the largest differences in the binary dynamics, while satisfying existing experimental constraints, i.e. we take the coupling parameter of the ST theory to beβ = −4.5 orβ = −4.2 (so as to satisfy binary pulsar constraints), and we adopt a small value for the asymptotic value of the scalar field ϕ 0 = 10 −5 to pass solar system tests. For comparison purposes, we also include the corresponding GR results. The list of the cases considered, as well as a summary of the main results (e.g., the total radiated electromagnetic energy for each case), is given in Table I .
As mentioned above, the binary dynamics in ST theories can show clear departures from the GR behavior. In particular, the binary's orbital frequency can increase faster than in GR for high neutron-star masses and low values ofβ, because of the enhanced gravitational attraction due to scalar effects and the possible dipolar emission of scalar waves. Such behavior is illustrated in Fig. 1 , which shows the separation for the four binaries considered, in ST theories withβ = −4.5 andβ = −4.2, as well as in GR. The complementary Fig. 2 shows how all binary evolutions cover approximately the same frequency range, although for higher masses and lower values of β, any given frequency is achieved at a larger separation. As discussed, these effects are caused by the scalar charges (or equivalently the sensitivities) that each star acquires as the orbits tightens. The behavior of the scalar charge with respect to separation and orbital frequency for each case considered is shown in Fig. 3 , where the orbital frequency is determined instantaneously (i.e. as the derivative of the azimuthal coordinate). From this figure, it is clear that scalarization effects are quite weak in the LE case, because the scalar charges remain negligible for most of the evolution and only rise to α ∼ O(1) at relatively short separations (i.e. high frequencies). In particular, the scalar charges remain 10 −3 essentially until the final plunge toward merger. This behavior is in contrast with the remaining cases, where scalarization effects are considerably stronger at the earlier stages, and therefore have a clear impact on the dynamics, especially forβ = −4.5. Such behavior comes about because in the HE, LU and HU cases the more massive star either spontaneously scalarizes already in isolation, which induces a time-dependent running of the scalar charge of the companion (induced scalarization), or both stars scalarize dynamically in the late inspiral (after which the scalar charges further grow by mutual induced scalarization). As mentioned, as the scalar charges grow, the gravitational attraction between the stars gets stronger than in GR, and for unequal-mass binaries the system also emits dipolar radiation, clearly affecting the binary's dynamics.
The dynamical behavior that we have just described has direct consequences on the Poynting flux produced Recall that magnetic field effects on the binary's motion are negligible, thus the differences in the trajectories are solely due to the underlying gravity theory. In the LE binary, the trajectories for the three cases are almost identical, as there is almost no scalarization until very late in the inspiral. Furthermore, each binary shows different merging times, due to both the different masses involved and the different gravity theories.
by the system as the stars' magnetospheres interact. As described in Sec. II B, we estimate such flux via the enhanced unipolar inductor model, which depends on the orbital evolution as well as on the magnetization of the km to merger for the cases considered -all the obtained luminosities are comparable and on the order of 10 39 -10 41 erg/s (the precise value depending on the binary's mass and magnetic field ratio between the stars) for a primary with magnetic field of 10 11 G. A closer inspection indicates that ST effects are evident at high frequencies for the more massive cases and for lower values ofβ. Those systems indeed exhibit a stronger flux, but with a mild dependency on the magnetic-field ratio. Such behavior is more marked in the luminosity rate, as illustrated in Fig. 6 . As can be seen, for higher masses and lower values ofβ the dynamics proceeds at a faster pace in ST theories than in GR, thus inducing a more powerful electromagnetic flux. This conclusion is further shown by the total electromagnetic energy radiated as a function of time (Fig. 7) , where ST theories of gravity show a clear departure from the general-relativistic behavior.
B. Eccentric binaries
We now turn our attention to binaries with nonnegligible eccentricity. Such configurations are not expected to represent a large fraction of the sources detectable by advanced gravitational-wave detectors, as gravitational emission tends to circularize binaries by the time they enter the detector's sensitive band. Nevertheless, as already illustrated e.g. in Ref. [58] [59] [60] , eccentric binaries provide an excellent laboratory to test diverse and extreme physics. As we show here, this is also the case for possible electromagnetic counterparts driven by magnetosphere interactions in non-GR gravity theories. To illustrate this point, we here consider the following two cases: an equal-mass binary with low masses M 1 = M 2 = 1.52M , and an unequal-mass binary with M 1 = 1.52M and M 2 = 1.74M . Following Ref. [60] , we study the dynamics and the emitted electromagnetic flux, in two different configurations: "mild eccentricity" orbits, where the initial apastron/periastron are at separations of about 220 km/80 km respectively (i.e. e ∼ 0.47); and, "high eccentricity" orbits, where the initial apastron/periastron are at separations of about 220 km/50 km respectively (i.e. e ∼ 0.63).
These eccentric binaries reveal another interesting phenomenon allowed in ST theories, namely a sequence of successive "scalarization/descalarization" cycles [17] . These produce a strong modulation of the scalar charges (see Fig. 9 ), with a consequent impact on the dynamics, and possibly observable signatures both in the gravitational and electromagnetic signals. For instance, the binary's orbit circularizes more rapidly for smaller values ofβ as illustrated in Fig. 9 . As can also be seen in that figure, except for the low-, equal-mass binary with mild eccentricity (which shows negligible differences between GR and ST theories), all the other cases display increasingly marked deviations from GR asβ decreases and higher masses are considered. This behavior has a direct impact on the electromagnetic flux, as shown in Fig. 10 . Of particular interest is the fact that the orbital eccentricity induces, in all cases, an oscillatory behavior in the flux intensity with a frequency and amplitude modulated by a growing trend as the orbit shrinks. Importantly, the growth rate is stronger in the cases governed by ST theories for sufficiently small values of β. Notice additionally that misalignment of the stars' dipole moments induce oscillations in the resulting luminosity even in the quasi-circular case [42] .
Finally, we note that the more rapid orbital evolution of strongly scalarized binaries can cause the same total energy to be radiated within a significantly shorter time (see for instance the bottom-right panel of Fig. 11 ).
IV. DISCUSSION
The results shown in this work indicate that, within the context of electromagnetic emission induced by magnetosphere interactions, binary neutron star systems could produce signals with clear deviations from the GR expectation, depending on the gravity theory. Our results open up the possibility of exploiting compact binary systems to test gravitational theories by combining electromagnetic and gravitational signals. For instance, in the particular case of ST theories of gravity considered here, deviations in the gravitational-wave signals away from the GR prediction could be detected for binaries that undergo scalarization sufficiently early in the advanced LIGO band [29] . Such binaries, as illustrated here, also show distinctive departures in the Poynting flux luminosity emitted from the system, when compared to the behavior within GR. The fact that deviations could be observed with advanced LIGO if they take place at sufficiently low frequencies in the gravitational-wave signal is a consequence of the detector's sensitivity curve (i.e. sufficiently early scalarization is needed to build up enough signal-to-noise ratio in band). For this reason, scalarization effects at high frequencies in ST theories would be difficult to detect by gravitational-wave signals alone, unless the detector is tuned for higher sensitivity in the higher frequency band. Without such tuning, however, complementary electromagnetic signals could be exploited. As we illustrated here, such opportunity does indeed appear possible.
In particular, our results indicate that a stronger elec- tromagnetic luminosity is produced in ST theories for smaller negative values of the couplingβ. This observation is not enough (in itself) to assess the nature of the underlying gravitational theory, unless a good estimate of the stars' magnetization is available. However, we also find that the luminosity's strength and rate of change increase with time is higher in ST theories, and could thus provide precious information that can be used to test the gravity theory. As discussed in Ref. [36] , the Poynting flux from binary systems can indeed induce high energy signals from the system which can be exploited for this goal. Fig. 9 . We show in contiguous panels, three different magnetic ratios (from left to right within each plot): b = 0.1 (in red), 0.01 (in green), and 0.001 (in blue). Notice that in the case of low-eccentricity orbits (left column), the radiated energy has a smoother (continuous) trend, while in the case of high-eccentricity orbits (right column) the radiated energy is more jagged; this is a consequence of the oscillatory features in the luminosity, and ultimately the effect of the different dynamics of each binary.
